Introduction {#S5}
============

Chronic hypertension complicates up to 5% of pregnancies in the United States; this number is expected to increase as average age and body mass index at first pregnancy increases.^[@R1]^ Chronic hypertension in pregnancy is associated with adverse maternal and fetal outcomes.^[@R2]^ Women with mild chronic hypertension, defined as blood pressures 140-150/90-109 mm Hg, in pregnancy have an increased risk of developing superimposed preeclampsia (10-20%), abruptio placentae (0.7-1.5%) and fetal growth restriction (8-16%) compared to the general obstetrics population (3-5%, ≤ 1%, and 10%, respectively).^[@R3],[@R4],[@R5],[@R6]^ Women diagnosed with severe hypertension, defined as ≥160/110 mm Hg, in pregnancy have even greater rates of complications with the risk of superimposed preeclampsia reaching 50%, abruptio placenta 5-10%, preterm birth 62-70%, and fetal growth restriction 31-40%. ^[@R7]^

The current ACOG Task Force on Hypertension in Pregnancy recommends that pharmacologic anti-hypertensive therapy be used in women with severe chronic hypertension due to the increased risk of serious maternal complications.^[@R8]^ Additionally, ACOG and the joint NICHD/ACOG/SMFM task force recommend that timing of delivery in chronic hypertension be based in part on the control of blood pressure. Women with poorly controlled chronic hypertension often require multiple antihypertensive agents to achieve non-severe blood pressures. If blood pressure remains uncontrolled, however, early delivery is necessary.^[@R8],\ [@R9]^

While requiring multiple antihypertensive agents to achieve a non-severe blood pressure is a surrogate marker of chronic hypertension severity and thus a marker of adverse outcomes, it is unclear whether the number of agents required to achieve blood pressure control is important in determining outcomes. Prior studies suggest that exposure to antihypertensive medication and multiple antihypertensive medications is associated with adverse outcomes, but these studies are limited by their lack of data on blood pressures during pregnancy.^[@R10]-[@R14]^ The objective of this study is to determine the impact of the number of antihypertensive agents used during pregnancy stratified by blood pressure control achieved. We hypothesized that requiring more than one medication for blood pressure control is associated with increased risks of adverse maternal and fetal pregnancy outcomes.

Materials and Methods {#S6}
=====================

This was a retrospective cohort study of all singleton pregnancies with the diagnosis of chronic hypertension delivered at the University of Alabama at Birmingham (UAB) from January 1, 2000 to July 1, 2014. Institutional review board approval was obtained. Subjects were identified by a diagnosis of chronic hypertension in the searchable electronic medical record. The diagnosis of chronic hypertension was confirmed by either current or prior treatment with antihypertensives or elevated blood pressures on two occasions prior to 20 weeks. Standardized chart abstraction forms were used to abstract data from the medical charts by individuals trained in chart abstraction. Data collected included detailed information of maternal demographics, medical and obstetrical history, prenatal blood pressure and anti-hypertensive medication logs, labor and delivery events and neonatal outcomes.

All women were managed by institutional protocol under the supervision of Maternal Fetal Medicine specialists. At UAB, blood pressures during the time period examined were typically treated to achieve systolic blood pressures less than 150 mm Hg and diastolic blood pressures 90 mm Hg. Although first line agents included methyldopa, labetalol, and nifedipine, a patient's pre-pregnancy antihypertensive regimen may have been continued if not contraindicated during pregnancy. Typically, maximum doses of a single agent were reached prior to initiating a second agent, although exceptions to this may have included dosages limited by side effects.

Patients with a singleton gestation who met the criteria for the diagnosis of chronic hypertension and were being treated during pregnancy with a single anti-hypertensive agent or multiple anti-hypertensive agents were included in this study. Patients diagnosed with major medical comorbidities such as systemic lupus erythematosus, renal disease, cardiac disease, sickle cell disease and cystic fibrosis, and pregnancies complicated by congenital malformations were excluded. As diabetes is a frequent comorbidity of hypertension, diabetes was included. Only the first eligible pregnancy in the time period was included in the analysis.

The exposure was defined as receiving either one (single agent) or more than one (multiple agents) antihypertensive initiated prior to 20 weeks gestation. We defined the exposure prior to 20 weeks to eliminate the possibility that preeclampsia diagnosis was the reason for initiating a second or third blood pressure agent. Subjects were assigned to testing group based on the greatest concomitant antihypertensive agents used at any point during the pregnancy. Because blood pressure control is closely correlated with maternal and neonatal outcomes, and because the number of blood pressure medications are closely linked to blood pressures measured, we elected a priori to stratify analyses by the average blood pressure \<140/90 mm Hg or ≥140/90 mm Hg.^[@R11]^ Blood pressures were recorded at every prenatal visit. The average of all recorded blood pressures was used in analysis. The number and frequency of prenatal visits varied among subjects. The primary maternal outcome examined was superimposed preeclampsia. Secondary maternal outcomes were superimposed preeclampsia with severe features, cesarean delivery (CD) and antepartum hospitalizations to rule out superimposed preeclampsia. Superimposed preeclampsia was defined as chronic hypertension (≥140/90 mm Hg) and proteinuria (either protein/creatinine ratio ≥0.3 or a 24-hour urine protein ≥300 mg). In the absence of proteinuria, laboratory abnormalities consistent with severe features (platelets \<100,000/mL, AST≥80 mU/mL (twice the upper limit of normal for our laboratory), creatinine≥1.2 mg/dL) was required for the diagnosis of superimposed preeclampsia with severe features. Blood pressures ≥160/110 mm/Hg in the absence of proteinuria and laboratory abnormalities were not classified as superimposed preeclampsia with or without severe features for the purposes of this study. As neurologic symptoms were not abstracted from the chart review, they were not considered as part of the diagnosis of superimposed preeclampsia. The primary neonatal outcome was small for gestational age, defined as weight \<10^th^ percentile for gestational age. Secondary neonatal outcomes measured were preterm birth prior to 35 weeks gestational age and a composite outcome of perinatal death, assisted ventilation, umbilical cord pH \<7, 5-minute Apgar ≤3 and neonatal seizures.

Distributions of variables were tested for normality using visual inspection of the histogram and the Kolmogorov-Smirnov test. Exposure groups were then compared using analysis of variance (ANOVA), Kruskall-Wallis, or chi squared test as appropriate. Potentially confounding variables of the exposure-outcome association were identified in the stratified analyses. Multivariable logistic regression models were then developed to better estimate the effect of medications on outcomes of interest while adjusting for potentially confounding variables. Clinically relevant covariates for initial inclusion were selected using results of the stratified analyses, and factors were removed in a backward stepwise fashion, based on significant changes in the exposure adjusted odds ratio or significant differences between hierarchical models using the likelihood ratio test. The statistical analysis was performed using STATA, version 13 Special Edition (College Station, TX).

Results {#S7}
=======

Of 1,478 pregnancies complicated by chronic hypertension identified over the study period, 504 were excluded (53 for major anomalies, 23 for no diagnosis of chronic hypertension, 164 for major medical problems other than diabetes, 142 for no documented blood pressures prior to 20 weeks, and 122 for being a subsequent pregnancy) ([Figure 1](#F1){ref-type="fig"}). Of the remaining 974 subjects, 634 (65%) were prescribed an antihypertensive agent during pregnancy. Of these, 446 (70.3%) were on a single agent with average blood pressures \<140/90 mm Hg, 73 (11.5%) were on multiple agents with average blood pressure \<140/90 mm Hg, 66 (10.4%) were on a single agent with average blood pressures \>140/90 mm Hg, and 49 (7.7%) were on multiple agents with average blood pressures \>140/90 mm Hg.

The four exposure groups were similar with respect to age, nulliparity, government insurance coverage, marital status, tobacco use, pre-pregnancy body mass index (BMI), aspirin use during current pregnancy, prior preterm delivery, indications for preterm delivery and the diagnoses of pregnancy-induced hypertension (PIH) in a prior pregnancy and diabetes (pregestational and gestational) ([Table 1](#T1){ref-type="table"}). Women on multiple agents were more likely to be black. Women who were treated with a single antihypertensive agent during pregnancy were diagnosed with chronic hypertension for a significantly shorter time prior to current pregnancy and were less likely to have been on an antihypertensive prior to pregnancy (p \<0.01) compared to those on multiple agents. Expected differences in average systolic and diastolic blood pressure prior to 20 weeks based on number of antihypertensive agents used were seen. The average systolic and diastolic blood pressures were significantly less when blood pressure were controlled to \<140/90 mm Hg than ≥140/90 mm Hg irrespective of single or multiple antihypertensive agents used.

The incidence of superimposed preeclampsia was significantly different across the four exposure groups, increasing as both number of medications and blood pressure increased but with a dramatic increase seen as blood pressures increased above 140/90 regardless of the number of medications (p\<0.01, [Table 2](#T2){ref-type="table"}). Similarly, the incidence of superimposed preeclampsia with severe features increased as both the number of medications and blood pressure increased (p=0.02) as did the incidence of admissions to assess for superimposed (p\<0.01). The incidence of SGA, preterm birth \<35 weeks, and the composite neonatal outcome all increased as both the number of medications and blood pressure increased (p\<0.01).

We then compared each group to the reference group of single agent, blood pressures \<140/90 while adjusting for confounding factors ([Table 3](#T3){ref-type="table"}). After adjusting for confounding variables, women on multiple blood pressure agents with blood pressures \<140/90 were not at significantly increased odds of superimposed preeclampsia, superimposed preeclampsia with severe features, SGA, preterm birth \<35 weeks, or the primary neonatal outcome compared to women with blood pressures \<140/90 on a single antihypertensive agent. Women on a single agent and blood pressures ≥140/90 were at increased odds of admissions to rule out superimposed preeclampsia and preterm birth \<35 weeks, but not at increased odds of superimposed preeclampsia, superimposed preeclampsia with severe features, SGA or the primary neonatal outcome. Women on multiple agents and blood pressure ≥140/90 were at increased odds of superimposed preeclampsia, superimposed preeclampsia with severe features, preterm birth \<35 weeks, and composite neonatal outcome compared to women on a single agent with blood pressures \<140/90.

Discussion {#S8}
==========

In this large cohort, increasing number of medications and blood pressures ≥140/90 were associated with increased risks of maternal complications and adverse neonatal outcomes, including superimposed preeclampsia, superimposed preeclampsia with severe features, preterm birth \<35 weeks, and a composite adverse neonatal outcome. Our results imply that blood pressures ≥140/90 mm Hg are associated with a greater risk of maternal complications and adverse fetal outcomes, regardless of the number of medications used, although those patients on multiple agents whose blood pressures are \>140/90 are at the highest risk.

Prior studies have shown significant differences in pregnancy outcomes between women with mild chronic hypertension (140-159 mm Hg systolic, 90-109 mm Hg diastolic) and those with severe hypertension (systolic ≥160 and/or diastolic ≥110) during pregnancy. The CHIPS Trial, a randomized control trial of less tight versus tight control of hypertension, showed no significant difference in serious adverse outcomes between "tight" blood pressure control (target diastolic blood pressure, 100 mm Hg) "less-tight" blood pressure control (target diastolic blood pressure, 85 mm Hg) .^[@R10],[@R11]^ However, this study did not report on differences in outcomes based on how many antihypertensive agents were required to achieve blood pressure control. Requiring multiple blood pressure medications for blood pressure control in pregnancy is considered a marker of more severe disease, as evidenced by the recommendations to deliver women requiring medication up to one week earlier than women not requiring medication.^[@R12]^ However, this is largely based on clinical opinion. Our findings suggest that patients requiring multiple antihypertensive agents to achieve the same blood pressure are not at increased risk of adverse events compared to those only requiring a single antihypertensive agent to achieve the same blood pressure; however, poorly controlled blood pressures in spite of multiple agents is associated with an increased risk of adverse outcomes.

In a sub-group analysis of a large prospective cohort study by Ray et al, adverse fetal outcomes were measured in singleton gestations with hypertension. Women were exposed to no antihypertensive treatment, single beta-blocker therapy, single non-beta blocker therapy and combined beta-blocker plus non-beta-blocker therapy. The results indicated that combined antihypertensive therapy was strong indicator for preterm birth and a moderate marker of small for gestational age fetuses. This study, however, has several differences from our study. Ray et al. focused primarily on the administration of antihypertensive agents and did not evaluate blood pressure control. In their case, the administration of antihypertensive medications was considered "therapy" even with a one-time dose of an intravenous medication. Additionally, they did not distinguish preeclampsia treatment from the treatment of chronic hypertension.^[@R13]^

Su et al used a population-based cohort to investigate the impact of antihypertensive therapy on the fetus among women with chronic hypertension. Combined therapy (alpha blocker plus beta blocker) increased the risk of low birth weight (AOR 2.22, 95% CI 1.29-3.84), preterm birth (AOR 2.13, 95% CI 1.25 to 3.63) and small for gestational age (AOR 2.11, 95% CI 1.39 to 3.19) compared to untreated women with chronic hypertension. Although antihypertensive medication use was associated with increased risk of low birth weight, preterm birth and small for gestational age compared to untreated women with chronic hypertension, the absolute incidence of these adverse outcomes appeared similar between women on combination therapy and single therapy.^[@R14]^

The advantage of our large retrospective study is its ability to offer detailed patient-level data, enabling the stratification of patient outcomes by blood pressure control actually achieved. In addition, the study uses a strict definition of superimposed preeclampsia, allowing for precise measurement of maternal outcomes.

A major limitation of the study is the relatively small sample size of subjects who failed to achieve blood pressure control \<140/90 mmHg. Due to this small sample size, subjects with blood pressures in the mild hypertension of 140-159/90-109 as well as severe hypertension range were categorized into the same group, making it impossible to distinguish the effects of mild and severe hypertension in our study.

In conclusion, blood pressure control, rather than the number of agents used to achieve that blood pressure control, seems most associated with pregnancy outcomes. Future studies should further stratify blood pressures into normotensive, mild hypertension and severe hypertension to better define outcomes. A larger sample size is likely necessary for this endeavor, due to the few subjects with blood pressure outcomes in the severe range. There continues to be an urgent need for prospective clinical trials investigating both fetal and maternal outcomes in women with chronic hypertension.
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###### 

Maternal Baseline Characteristics by BP Control and Number of Medications

  -----------------------------------------------------------------------------------------------------
                           Single Agent\   Multiple Agent\   Single Agent\   Multiple Agent\   p
                           \<140/90        \<140/90          ≥140/90         ≥140/90           
  ------------------------ --------------- ----------------- --------------- ----------------- --------
  **Age**                  30.7 ± 5.8      31.9 ± 5.3        31.6 ± 6.3      32.4 ± 5.6        0.09

  **Race**                                                                                     \<0.01

  **Black**                306 (68.6%)     63 (86.3%)        49 (74.2%)      43 (87.8%)        

  **White**                117 (26.2%)     8 (11.0%)         11 (16.7%)      6 (12.2%)         

  **Other**                23 (5.2%)       2 (2.7%)          6 (9.1%)        0                 

  **Nulliparous**          114 (25.6%)     15 (20.6%)        24 (36.4%)      16 (32.7%)        0.12

  **Government**\          316 (70.9%)     44 (60.3%)        41 (62.1%)      29 (59.2%)        0.12
  **Insurance**                                                                                

  **Number of**\           15 (12-18)      17 (13-20)        13.5 (10-18)    15 (10-18)        \<0.01
  **Prenatal Visits**                                                                          

  **Unmarried**            306 (68.9%)     48 (65.8%)        45 (68.2%)      30 (61.2%)        0.73

  **Tobacco**              84 (19.1%)      8 (11.0%)         8 (12.3%)       12 (25.0%)        0.12

  **BMI**                  39.2 ± 11.3     38.9 ± 9.8        40.7 ± 11.0     43.2 ±11.3        0.13

  **Years since CHTN**\    3 (1-7)         4 (2-9)           3 (1-5)         8 (3-10)          \<0.01
  **Diagnosis**                                                                                

  **Medications Prior**\   275 (61.9%)     66 (91.7%)        36 (54.6%)      33 (68.8%)        \<0.01
  **to Pregnancy**                                                                             

  **Aspirin**              42 (9.4%)       6 (8.2%)          5 (7.6%)        5 (10.2%)         0.95

  **Prior Preterm**\       132 (29.6%)     27 (37.0%)        21 (31.8%)      18 (36.7%)        0.50
  **Delivery**                                                                                 

  **Indications for**\                                                                         0.08
  **Preterm Delivery**                                                                         

  **Spontaneous**          24 (30%)        3 (17.7%)         1 (5.3%)        1 (5.3%)          

  **Hypertension**         49 (61.3%)      13 (76.47%)       17 (89.5%)      15 (79.0%)        

  **Non-reassuring**\      7 (8.8%)        1 (5.9%)          1 (5.3%)        3 (15.8%)         
  **Fetal Status**                                                                             

  **PIH In a Prior**\      149 (33.4%)     20 (27.4%)        16 (24.2%)      17 (34.7%)        0.72
  **Pregnancy**                                                                                

  **Diabetes**                                                                                 0.68

  **Gestational**          61 (13.8%)      9 (12.7%)         10 (15.2%)      3 (6.5%)          

  **Pregestational**       89 (20.1%)      16 (22.5%)        9 (13.6%)       10 (21.7%)        

  **Average Systolic**\    125 ± 8         126 ± 8           144 ± 6         148 ± 10          \<0.01
  **BP \<20 weeks**                                                                            

  **Average Diastolic**\   75 ± 7          76 ± 7            87 ± 8          89 ± 7            \<0.01
  **BP \<20 weeks**                                                                            
  -----------------------------------------------------------------------------------------------------

Data presented as mean ± standard deviation, median (interquartile range), or n (%) as appropriate

###### 

Maternal and Neonatal Outcomes by BP Control and Number of Medications

  -----------------------------------------------------------------------------------
                   Single Agent\   Multiple\    Single Agent\   Multiple\    p
                   \<140/90        Agent\       ≥140/90         Agent\       
                                   \<140/90                     ≥140/90      
  ---------------- --------------- ------------ --------------- ------------ --------
  Superimposed\    88 (19.7%)      17 (23.3%)   22 (33.3%)      18 (36.7%)   \<0.01
  Preeclampsia                                                               

  Superimposed\    53 (11.9%)      10 (13.7%)   10 (15.2%)      14 (28.6%)   0.02
  Severe PE                                                                  

  Cesarean\        212 (47.5%)     30 (41.1%)   32 (48.5%)      26 (53.1%)   0.61
  Delivery                                                                   

  Admissions to\   30 (6.7%)       13 (17.8%)   10 (15.2%)      8 (16.3%)    \<0.01
  r/o PE                                                                     

  SGA              67 (15.0%)      16 (21.9%)   15 (22.7%)      14 (29.2%)   0.04

  PTB \<35\        81 (18.5%)      17 (23.9%)   20 (32.3%)      19 (42.2%)   \<0.01
  weeks                                                                      

  Composite\       49 (11.0%)      12 (16.4%)   12 (18.2%)      16 (32.7%)   \<0.01
  Neonatal                                                                   
  -----------------------------------------------------------------------------------

###### 

Adjusted Odds of Adverse Outcomes Compared to Single Agent, BP\<140/90 mm Hg

  --------------------------------------------------------------------------------------------------------------------
                                                          Multiple Agent\    Single Agent ≥140/90   Multiple Agent\
                                                          \<140/90                                  ≥140/90
  ------------------------------------------------------- ------------------ ---------------------- ------------------
  Superimposed\                                           1.35 (0.75-2.46)   2.04 (1.15-3.63)       2.27 (1.19-4.28)
  Preeclampsia[\*](#TFN2){ref-type="table-fn"}                                                      

  Superimposed\                                           1.34 (0.64-2.81)   1.33 (0.63-2.83)       2.86 (1.41-5.77)
  Severe PE[\*](#TFN2){ref-type="table-fn"}                                                         

  Cesarean Delivery[†](#TFN3){ref-type="table-fn"}        0.89 (0.51-1.53)   1.04 (0.60-1.81)       1.25 (0.64-2.45)

  Admissions to r/o PE[‡](#TFN4){ref-type="table-fn"}     3.18 (1.56-6.51)   2.44 (1.12-5.31)       3.21 (1.36-7.58)

  SGA[§](#TFN5){ref-type="table-fn"}                      1.36 (0.65-2.86)   1.40 (0.68-2.88)       1.82 (0.81-4.07)

  PTB \<35 weeks[∥](#TFN6){ref-type="table-fn"}           1.35 (0.73-2.46)   1.97 (1.09-3.56)       3.05 (1.59-5.83)

  Composite Neonatal [\*\*](#TFN7){ref-type="table-fn"}   1.63 (0.82-3.25)   1.72 (0.86-3.45)       3.84 (1.96-7.50)
  --------------------------------------------------------------------------------------------------------------------

Adjusted for history of preeclampsia, nulliparity

Adjusted for prior vaginal delivery, diabetes, tobacco use

Adjusted for diabetes

Adjusted for race, body mass index, diabetes, and tobacco use

Adjusted for prior preterm delivery, nulliparity

Adjusted for nulliparity
